with arterial gangrene of the toes of the right foot. Patient said that she dropped a fender on the right foot five years previously and had subsequently felt pain from time to time in the right leg and foot. Three weeks before admission the pain settled in the toes of the right foot and the second toe became blue.
September 20, 1907, with arterial gangrene of the toes of the right foot. Patient said that she dropped a fender on the right foot five years previously and had subsequently felt pain from time to time in the right leg and foot. Three weeks before admission the pain settled in the toes of the right foot and the second toe became blue.
On admission the first, second and third toes were blue black in their distal halves, and the fourth and fifth toes also were somewhat discoloured. Patient complained of much pain in the foot, but no pain was felt above the popliteal space. The fingers of the left hand were bluish in colour and somewhat tender. The urine contained no sugar and only a very slight trace of albumin; the specific gravity was 1009. All the palpable arteries were thick-walled and the pulsation in them was feeble. The arteries of the right foot could not be felt. The right femoral could be felt beating at the apex of Scarpa's triangle. The toes were powdered with boric acid and covered up with cotton wool.
During the next three weeks the local gangrene appeared to be stationary, but the patient suffered a good deal of pain, for which sedatives were required. The gangrene then began to extend; the toes, especially the first three, became black and their whole surface was affected. The discoloration of the skin advanced over the dorsuin of the foot, and the discoloured area was insensitive to light touches. (See Plate, fig. 1.) ju-1
It was explained to the patient that either immediate amputation nmust be done or a less severe operation first attempted in the hope of saving the limb. She chose the latter alternative.
Operation .-October 17, 1907: Dr. Mennell gave chloroform by the Vernon Harcourt apparatus, spinal anaesthesia being considered inadvisable. The gangrenous toes, foot and leg were bandaged in wool, and indeed the whole body of the patient except the operation area was so encased. The right lower limb was everted and the knee flexed and supported on a sandbag. An incision 6 in. long was made on the inner side of the thigh from the apex of Scarpa's triangle downwards over Hunter's canal. The sartorius was displaced inwards and the long saphenous nerve and the nerve to the vastus internus were drawn outwards. The artery and vein were next isolated from one another, and one venous and two arterial branches were tied.
The vein appeared to be unusually small, but this was because it was not distended with blood. The sheath of the artery was adherent and somewhat difficult to remove. On the middle of the exposed artery was a yellow patch of atheronla. The plan of operation was to draw the divided end of the vein like a sleeve over the divided end of the artery. As the patient had never had any pain in the thigh, it did not occur to me that the artery might be throinbosed at the site of operation. Without further examination of the artery I proceeded with the operation. The lower end of the exposed portion of the vein was clamped and the upper end ligatured and divided on the distal side of the ligature. At the upper end of the incision the artery was clamped where it was visibly pulsating; at the lower end the artery was tied and divided proximal to the ligature. The artery was of the same size throughout the whole length of the wound. The clamps used were Crile's artery clamps. There was a good deal of retraction of both artery and vein, but the ends overlapped for about 11 in. On cutting through the artery I was surprised to find in it a partly organized thrombus, but this thrombus I was able to remove with a fine curette. I slit up the artery bit by bit hoping to come upon a portion in which the intima was normal, but at least 2 in. of artery had to be removed before fairly healthy intima was reached. Thus it became impossible to pass the vein like a sleeve over the end of the artery, and the only method of anastomosis possible was end-to-end suture under tension, because there was now a gap of about 3 in. between the ends of the vessels. The endto-end anastomosis was accomplished by using eight 0 silk and No. 20 straight needles. On releasing the clamps the veins did not fill up with blood. On careful palpation I thought I could feel a small thrombus just above the anastomosis. I made a longitudinal incision in the artery and removed the bit of thrombus, which I supposed had been displaced upwards by the curette at an earlier stage of the operation. The incision in the artery was then closed by a few interrupted stitches and the clamps again taken off. There was no bleeding from the anastomosis, but there was a small leak from the longitudinal incision in the artery. Two more stitches stopped the leak entirely. The incision should have been made in the transverse direction, for when blood fills an artery a transverse incision appears as a slit, while a longitudinal one appears as a round or oval hole, the reason being that the transverse tension in a cylindrical vessel is twice the longitudinal. There was no leakage from the anastomosis or from the incision in the artery, so attention was directed to the vein, which, though filled with blood, was not pulsating. About 1 in. below the anastomosis a small venous tributary had been ligatured; this ligature was removed and a probe passed up through the venule into the vein and thence, through the anastomosis, into the artery. On withdrawing the probe the vein at once filled up to a size larger than that of the artery and began to pulsate to an equal extent. Another striking event occurred as the artery and vein became distended with blood-they lengthened; the vessels formed an S-shaped curve, and my anxiety about the tension at the site of the anastomosis was at once allayed.
During the operation the parts were kept nmoist by a constant stream of sterilized salt solution and the sutures were anointed with sterilized paraffin. The sartorius was sutured in position and the wound closed in the usual way. I was given excellent assistance during the operation by my house surgeon, Mr. Unwin. I am much indebted to Mr. Thorburn, dresser, for the beautiful drawings of the gangrenous foot (Plate).
Mr. Adams, the resident surgeon, reported the condition at 9 p.m. on the night of the operation: " There was full pulsation to be felt in Scarpa's triangle, but below the site of operati-on no pulsation could be felt in the thigh or the popliteal space; neither could the tibial arteries be felt pulsating at the ankle. In the veins, however, there was abundant evidence of the passage of arterial blood, for in the middle of the leg the internal saphenous vein in its usual situation, I in. behind the inner border of the tibia, could be felt pulsating, and arterial pulsation, synchronous with that in other parts of the body, could be both seen and felt in the dilated veins visible on the dorsum of the foot. These veins no longer conveyed venous blood, since pressure on the cardiac side of any particular trunk caused it to collapse and stopped the visible pulsation; while pressure on the distal side caused it to dilate and increased the visible pulsation. There is no doubt, therefore, that at least the superficial veins on the distal side of the anastomosis were functioning as arteries."
Mr. Adams mnade later the following note: "This state of affairs did not persist; after two days the pulse in the internal saphenous was barely palpable, and though the dorsal veins of the foot remained dilated there was very little pulsation to be seen in thenm, and the effects of proximal and distal pressure approximated to those of pressure on normal veins. The dorsal veins were less collapsible than normal and rather seemed to contain stagnant blood, though there was no evidence of thrombosis or phlebitis. They gradually became less prominent and in a few days had entirely ceased to pulsate. At no time after the operation was any pulsation felt in the tibial or peroneal arteries."
The immediate effects of the operation were striking; arterial blood was transmitted by way of the veins to the foot, the warnmth of the foot was increased, the advance of the gangrene (obvious before the operation) was stayed, a definite line of demiarcation appeared on the inner three toes, and the skin proximal to the line of demarcation again becamne sensitive, so that light touches were readily located. (See Plate, fig. 2 
.)
During the succeeding weeks the very cold weather tried the patient much, and the left hand and the left foot became at times blue and painful, but though pain was occasionally felt in the right foot, especially in the early morning, it was less severe than before the operation, and the patient slept well all night without sedatives. On February 14, 1908, the patient suddenly suffered acute pain in the abdomen, soon followed by sickness and distension. She died the next day. At the time of her death the black areas on the toes were separating, granulation tissue appearing underneath the hard, black scabs, and though during the cold weather a blue black patch appeared on the plantar aspect of the little toe it may be affirmed that froimi the time of the operation the gangrene of the right foot was arrested.
(See Plate, fig. 3 .)
Autopsy.-The inner half of the coecum and the whole ascending and transverse colon were greenish black in colour. A careful dissection failed to discover any thrombosis in the main mesenteric vessels. The anastomosis between the femoral artery and vein was closed by scar tissue, which extended into the vessels above and below it for about 11 in. The experimental study of the suture of arteries and veins during the last few years is one of the most fascinating of the many, stories in the history of surgical progress. This work and clinical suggestion have opened up mainy possibilities of successful conservative surgery where formerly nothing lay before the patient and the surgeon but a vista of mutilation or of death.
It is now known (1) that wounds of the heart and of the arteries and veins may be sutured; (2) that a thrombus or embolus ihay be removed bv incision of the arterial wall; (3) that portions of arteries and veins may be transplanted; (4) that a portion of vein may be inserted between the cut and separated ends of a divided artery, and that this portion of vein has a strong tendency to reconstitute the artery, assumiing the anatomical characters and performing the function of an artery; (5) that the venous systenm of a limb may be made to carry red blood when the arterial system is obstructed; (6) that an anastomosis may be made between the portal and systemic veins; (7) that varicose veins of the leg may be treated by anastomosis of the saphena vein with the femiioral vein in the illiddle of the thigh so that the blood of the saphena enters the fenioral below the valves; (8) that organs such as the kidney and ovary may be transplanted; (9) that in certain cases an aneurysnm may, as has been brilliantly demonstrated by Matas,1 be treated by a new and striking method, not by occlusion but by reconstitution of the artery fronm which An attempt to close a traumatic aneurysm with restoration of the function of the artery was made by an English surgeon 150 years ago, and was apparently successful. The following is the published account of the case: -A case of aneurysm from bleeding occurred anid fell to the lot of Mr. Hallowell. I recommended the method that I have hinted at. He put it in execution on June 15, 1759. Everything was done in the usual method till the artery was laid bare and its wound discovered, and the tourniquet was now slackened; the gush of blood per salurtm showed that there was no deception. Next two ligatures, one above the orifice and one below, were passed under the artery that they might be ready to be tied at any time in case the method proposed should fail. Then a small steel pin, rather more than I in. long, was passed through the two lips of the wound in the artery and secured by twisting a thread round it as in the hare-lip operation. This was found to stop the bleeding, upon which the arm was bound up, the patient put to bed and ordered to be kept quiet, &c., as usual in such cases. The wound was dressed on the fourth day, viz., June 18; it looked well for the time and continued to heal withqut interruption in a kindly manner. The pin came away with the dressings on June 29, that is on the fourteenth day, and on July 7 every part of the wound was healed except what was kept open by the two ligatures, which remained loose in the flesh like two setons; these were therefore removed. A few days after this the wound was completely cicatrized and on July 19 patient was discharged from the hospital perfectly well and with the pulse in the arm nearly as strong as in the other."-Lambert, of Newcastle, in a letter to Hunter published in Mledical Observations and Enquiries, 1762, ii., p. 360. it arises, or the blood-stream may be diverted from the aneurysm, as was done in 1906 by Jose Goyanes, by arterio-venous anastomosis, an operation which might not only cure the aneurysm but prevent or arrest gangrene.
The experiments of Carrel, Jensen, and Watts show that end-to-end anastomosis of arteries and veins is best performed by simple suture, a fact which has long been established with regard to suture of the intestine. The extra-vasal magnesium rings of Payr, the glass cylinders of Abbe and Gluck: the endo-vasal caromel cylinders of Carrel and the glass bobbins of de Gaetano have now only an historical interest, like Senn's plates and other mechanical aids to intestinal anastomosis.
Further, the experiments show that the intima may be included in the suture with impunity, the application of the suture being thus greatly facilitated, just as the suture may perforate with impunity the mucosa in intestinal surgery, as we have recently learned. In intestinal suture the threads, even when inserted by Lembert's method, gradually become free in the lumen of the bowel, but those applied for vasal suture remain in situ, as the interior of a blood-vessel, unlike that of the intestine, is aseptic and not outside the body.
Arterio-venous anastomosis was first successfully performed by Gluck, who writes: " I have succeeded in anastomosing the arteria carotis with the vena jugularis of the dog by means of a circular suture without any thrombosis; it was interesting to observe how there was at first a sort of whirlpool between the opposing streams of blood in the artery and vein, when the arterial blood flowed in a pulsating stream throuigh the smaller channel of the artery into the wider vein. After a minute or two the arterial blood-stream flowed with regular pulsation through the vein and maintained its superior force and regularity." The length of time the animal lived after the operation is not mentioned.
Carrel and Morel, in 1902, successfully carried out the same operation and showed the dog several weeks afterwards at the Societe Nationale de Medecine.
Following upon these experimental results an attempt was made to treat arterial gangrene in mnan by lateral anastomosis of the femoral artery and vein. San Martin y Satrustegui operated upon two patients, both men, one aged 52 and the other aged 66; and Jaboulay puiblished one case, that of a man, aged 47. All these cases were unsuccessful. Carrel and Guthrie maintain that lateral anastomosis fails because (1) a very large proportion of the red blood returns at once to the heart through the central end of the vein; (2) the peripheral portion of the vein and its branches pulsate, but the valves are not forced and the red blood does not circulate through them.
Hubbard, of Boston, Mass., published in 1906 the case of a man, aged 80, in whom he did end-to-end arterio-venous anastomosis at the apex of Scarpa's triangle for senile gangrene of the right foot. The vein below the anastomosis never filled up properly and only partially pulsated. The superficial veins never pulsated, the gangrene spread and amputation was performed.
Torrance, of Birmingham (Alabama), inade an end-to-end arteriovenous anastomosis between the anterior tibial artery and the saphenous vein in a case of compound fracture with injury to the artery, but the anastomosis sloughed.
Mr. Adams, the resident surgeon at St. Thomas's Hospital, and the writer performed some experiments on the cadaver with a view of determining how far fluid of the same specific gravity as the blood could be made to traverse the lower limb under normal or more than normail pressure through the veins. An injection into the femoral vein at the apex of Scarpa's triangle appeared immediately in the inferior vena cava and azygos veins, and did not descend the limb further than the popliteal space. An injection into the femoral vein in Hunter's canal only reached the middle of the leg. These experiments confirm those of Gallois and Pinatelle, who found that the valves formed an insuperable obstacle, and they came, therefore, to the opinion that arterio-venous anastomosis was not a justifiable operation in man.
Carrel and Guthrie, however, while admitting that though logically the reversal of the circulation is impossible, have shown that the living tissues have a strong power of adaptation, and by a series of beautiful experiments have proved that it is possible. They watched the red blood forcing the valves of the veins; in. two hours all the valves in the saphenous vein were forced and in three hours the reversal of the circulation was complete.
It will be noted that, in the writer's case, the thrombus, which was the immediate cause of the gangrene, had blocked the femoral artery in Hunter's canal, though before the operation it was thought that the popliteal was the artery occluded. Francis Street, in a paper on arteriotomy for thrombosis and embolismll, remarks on the inability which is sometimes encountered to locate definitely the obstruction by the mere symptoms. He points out that the symptoms are caused, not by the thrombus itself, but by the result of the arterial obliteration; " the pain is referred to the area from which the blood is excluded, not to the seat of obstruction."
The arterio-venous anastomosis in mv case could have had no effect in increasing the arterial obstruction in the vessels of the limb, since the artery was thrombosed at the site of the anastomosis. How long the anastomosis remained patent it is impossible to guess. It may have been occluded in three days or it may have been patent for a time longer or shorter than three days. The fact remains that it had an immediate and remarkable effect on the gangrenous process, and if it had been permanently patent it cannot be doubted that a still more striking result would have been attained. The result would appear to justify the hope that we are in sight of a method which will replace, in certain cases, the necessity for anmputation in senile gangrene, and of a method which may be applied to the relief of those distressing cases of endarteritis obliterans in the limbs of young people which are sometimes observed.
There is no doubt that the operation of arterio-venous anastomosis is not an easy one and that it requires practice and manipulative dexterity. Edwin Sweet writes: " Now this seems very easy, and in truth it is not very difficult, except for the extreme delicacy of the needles and the silk and the vessel walls; it is unusual surgery, since it partakes of the art of the watchmaker. Why, then, cannot everyone succeed in performing these simple though delicate operations ? Why do we read reports varying between absolute failure and uniform success ?"
Stephen Watts observes: " I wish also to emphasize the. point, for I consider infection by far the most important factor in producing thrombosis after vascular sutures. I think, as Carrel does, that there may be minor modes of infection which, although allowing of per_primamn healing of the wound, may be sufficient to produce thrombosis of the sutured vessels."
But Edwin Sweet's comment seems to me most apposite: "That some coagulation occurs in every case seemiis to be proven by the statement that slight hmorrhage is to be controlled by gentle digital compression. Such a method could only stop himorrhage, it seems to me, by favouring the filling of the needle holes by coagulum. I think, therefore, that those who report uniformly successful results have succeeded, not because they enjoy a monopoly of aseptic technique, but of inechanical technique." REFERENCES.
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PAYR. " Zur Frage der circulairen Vereinigung von Blutgefiissen mit resorbibaren Prothesen,"
Arch. fiur klin. Chir., Berl., 1903-4, lxxii., p. 32 . SATRUSTEGUI, SAN MARTIN Y. " Cirurgia del apparato circulatorio, ' Madrid, 1902 . STEWART, FRANCIS. Ann. Surg., Philad., 1907 . STICH, R., MAKKAS, M., and DOWMAN, C. E., of Breslau, in a paper entitled " Beitrilge zur Gefiasschirurgie," and published in the Beit. zur klim. Chir., Tubingen, 1907, liii., p. 113 , give as the result of their experiments to the following conclusions:-(1) Arteries which have been completely divided transversely may be made to unite by the method of suture we employed (fixation threads and continuous suture) without special difficulty, and, provided the workmanship is good and the course of the wound aseptic, with every prospect of complete restoration of function. The method succeeds with both large and small arteries.
(2) Portions of arteries may be resected and a segment of an artery from the same individual or from an animal of the same species may be put in its place.
(3) A portion of an artery from a recently killed animal may be put in the place of a segment of artery resected in a living animal of the same species with complete restoration of the function of the vessel.
(4) It is even possible to transplant a portion of artery from one animal to another of a different species.
(5) A segment of vein may be transplanted into a gap in an artery; the segment of vein so transplanted undergoes changes in structure so as to, in time, come to resemble an artery.
In this paper reference is made to an operation performed in 1906 by Jose Goyanes, who treated a popliteal aneurysm by arterio-venous anastomosis.! SWEET, J. EDWIN. Ann. Surg., Philad., 1907, xlvi., p. 350. TORRANCE. Ann. Surg., Philad., 1904, xl., p. 107, and 1907, xlvi., p. 333. WATTS, STEPHEN. Ann. Sturg., Philad., 1907, xlvi., p. 373, and Johns Hopkins Hosp. Bull., 1907, xviii., p. 153 . In this admirable paper a full bibliography, to which I am much indebted, is given.
DISCUSSION.
Mr. FORBES Ross said he had been much interested in senile gangrene, angina cruris, and other conditions affecting the arteries of the lower limb; also in spasms affecting the hands, as in pseudo-Raynaud's and true Raynaud's disease. There was an occlusion of arteries which was physiological, but enough use had not yet been made of it. In ordinary aneurysm of the popliteal artery, in which the vessel was ligatured above and below the sac, and the aneurysm dissected out, in t-wenty-four hours the limb was flushed and a large volume of blood was passing through it; there was positive vasomotor dilatation. His views on the matter had been driven home by a case shown by Dr. Parkes Weber at the Neurological Section, and reinforced by one shown by proxy for Sir William Gowers. He believed that what Mr. Ballance had done simply amounted to ligature of the femoral artery. Nature was trying to occlude the artery as fast as she could. In cases where one might expect gangrene, or arterial spasm, or angina cruris it was feasible for the surgeon to operate before necrosis set in, ligaturing the vessel as low as it could be reached, and thus restoring to the patient an elastic circulation. Mr. Ballance had tried to use a very elastic vein to replace a very inelastic artery. When a blood-vessel was tied a collateral circulation was established, and the capillaries had to hypertrophy to carry it out. He, of course, did not propose to ligature the artery to produce gangrene, but to produce vasomotor dilatation, which would end in giving the patient ten arteries instead of one. Alexander Morison had shown the profession-and he worked with Dr. Morison when he did it-that all the arteries of the body were innervated by ganglia in their walls, and that when a main artery was tied, there was a disturbance of the main nerve supply of the limb, and one perhaps destroyed the whole nervous energy going down that artery. So when Mr. Ballance cut the artery he was possibly disturbing the nervti arteriorumn, and ultimately the vein ceased to pulsate. It was evidently occluded, and therefore practically ligatured. He suggested that ligature, either deliberate or not, as low down as possible, was the correct procedure in some of the cases, thus helping Nature in what she was trying to do, viz., to get the collateral circulation to open up.
Mr. BALLANCE, in reply, said he did not think the remark of Mr. Forbes Ross was exactly apposite to his paper, as he was only dealing with arteriovenous anastomosis, not discussing other methods of treatment.
